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FOREWORD 



The Office of Law Enforcement Standards (OLES) of the National Institute of Standards and Technology (formerly 
the National Bureau of Standards) furnishes technical support to the National Institute of Justice program to strengthen 
law enforcement and criminal justice in the United States. OLES's function is to conduct research that will assist Jaw 
enforcement and criminal justice agencies in the selection and procurement of quality equipment 

OLES is: (1) Subjecting existing equipment to laboratory testing and evaluation, and (2) conducting research 
leading to the development of several series of documents, including national standards, user guides, and technical 
reports. 

This document covers research conducted by OLES under the sponsorship of the National Institute 0 f Justice. 
Additional reports as well as other documents are being issued under the OLES program in the areas of protective 
clothing and equipment, communications systems, emergency equipment, investigative aids, security systems, vehicles, 
weapons, and analytical techniques and standard reference materials used by the forensic community. 

Technical comments and suggestions concerning this report are invited from all interested parties. They may be 
^^99° ** 0ffiCC ° f Enforccment Slandards ' National Institute of Standards and Technology, Gaithersburg, 

David G. Boyd 

Director, Science and Technology 
National Institute of Justice 
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PRELIMINARY INVESTIGATION OF OLEORESIN 

CAPSICUM 

Richard G. Chrlstensen 

Analytical Chemistry Division. Chemical Sdence ar* Technology laboratory 
National Insutut* of Standards and Technology, Gaithersbvrg.MD 20BS9 

and 
Daniel E. Frank 

National tnstriute of Standards and Technology. Gaithersburg, MO 20899 

nils report documents a preliminary investigation into the analytical characterization of 0W»,/« /v.. • tn ^ 
ho, peppers that _is Increasingly used in It* enforcement appiications. Bein^Z^/u^^o^^" °* ^ a ' 
^ chaiactemje bo. sensaion or pungency i, quantified in the industry in tertns of Sfc HL^- «T S m^T^^ 
dilution at which the pungency can barely be delected bv a mined «««■ p>.„ ,„ k •„ * ne ™ unm - < su >- SU Is defined as the 
J 6X I C mUg (millilLs of dUueo. */ g Z rf base ST """^ C °' Bti " ,e ' Ml to " SU «*" * 

Recently, OC has come into use as a pain-producing asent in aerosol soravs ustd In nn «ti^,« ,» ., . . 

raises U.e question of How to assign an ob^ctiiwea of£,en£7oTJ s ^ ^blted ^ZlT^ ^ ™ 5 "« 

*™«™»asoc^^ 

^ofOC have been c^edoutwcbeckU.efeasibl.ityofde^min^ 

Key words: capsaicin; incapacitation; less-tnan-tahal; oleoresin capsicum; pain; pepper spray; Scovilte Hca, Uniis; seiMef.nse. 

1. INTRODUCTION 

This report documents a preliminary investigation into the analytical characterization of Ol«,r~;„ i~„ • 
an extract of hot peppers. In addition to its use in foods and phnr m Lutic a lTh T^Z ^^ ^'T (0C) ' 
otrently being used in an attempt to subdue violent individuals through ^S^JSZ^T-^ M W t 
<aste and the production of pain associated with this material are £ resul of a^y ofTomJJ 'FT* * 

satcm (NORDIH), homocapsaicin (HOMO), and dihydrohomocapsaicin (D^^ 

be present is pe largonic acid vanillylamide. also called nonivamide (NOiiv), " sSic com^ri E Z * T 
properties and is sometimes used with or in place of the natural compounds. ^ ,Ch ha$ S ' m,,ar 

Several methods have been identified to quantify the potency of cansaicinoM mn , rt i, c 
Pungency of carcinoid preparations is usuily ^fSSKKu^ffi *' 
as the Mutton at which the preparation can barely be tasted by trained personnel [IP HoWr t nSjfi 
has also been quantified by one investigator in tenns of a "mean pa^olet^ W^ctl^T " ^ 
requued to elicit a defined pain response when the solution is applied to L « of .nt*2£ 1^*1 1 
potency, is the sim P .e sum of the concentrations of the variouscapsaicinoid £££ wS^f™ 

2. PHARMACOLOGY OF CAPSAICINOID COMPOUNDS 

In the evaluation of the incapacitating effects of pepper-spray devices which nroiecr an ai .™„i r ™ 
C^icum^eque.tbnarisesastohowtoobjectivclya^ 

graphic analysts can provide the relative concentrations of the various species of caosaicinoi* nh!?T Chron,a, °- 
calcu^ns from these results migh, be used to assi g n an index v^TZT^Z!^™™ 

1 Numbers in brackets refer 10 references in section 8. 
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Pharmacological effects of the topical application of this class of compounds to skin and mucous membranes 
include the production of pain and subsequent desensiii2atfon to pain. This effect arises from the binding of specific 
parts of the molecule to receptors in nerve endings (2. 3]. This pain production appears to be a temporary phenomenon 
only, and is not the result of tissue damage that might be produced by a corrosive agent, e.g., by a strong acid 

The pungency of capsaicinoid compounds and preparations containing them is widely quantified in terms of 
'Scoville Heat Units" (SU). The SU value is the dilution at which the pungency can just be detected by a trained taster 
For example, pure capsaicin is assigned an SU value of 16X 10 6 rruVg, implying that it can be barely detected at a 
dilution of sixteen million to one [l J. If the concentrations of the capsaicinoid compounds in a sample can be deter- 
mined, the pungency for each can be taken into account, and an SU can be assigned to a preparation -in this way 

Since the production of pain and the sensation of pungency arise through similar physiological pathways i e 
interaction with nerve receptors, it might be supposed that the efTects would be proportional. Govindarajan and Saihya ' 
naranaya [2] tabulate data on a number of these compounds showing SU values and a pain production parameter that 
indicate otherwise. K Uiai 

Some data on capsaicinoids are given in condensed form as Table 1. The "mean pain potency" (MPP) is the 
concentration required to produce a certain response when a solution is applied to the eye of a rat. As such it is an 
inverse indicator, that is, the smaller number implies greater potency. Note that the major capsaicinoids and nonivamidc 
have about the same MPP. This suggests that the sum of the concentrations of these compounds will be a better (though 
not greatly different) index of potency than the commonly used one of SU. 

It is possible to calculate from analytical data three possible measures of pungency: (a) the total concentration of 
capsaicinoid compounds; (b) the SU pungency (by weighting the concentration of each constituent with its relative 
pungency); and, (c) a mean pain potential (by weighting the concentration of each constituent according to the "MPP" 
of reference 2). Incapacitation will also, of course, vary with applied dosage and of the responses of individual subiccts 
but those are beyond the scope of this study. J 9 

Table 1. Pungency and pain-producing potency of capsaicin and analogs (adapted from Refs. (J J and {J J)) 



Stimulant 


SU(mUg) 


MPPdLg/mL) 


Capsaicin 


I6XJ0 1 


23 


Dthydrocapsfiicin 


16X10* 


3.5 


Nordihydrocapsaidn 


9X10* 


3.0 


Nonivamidc 


2 


75 


Homocapsaicin 


6.9X10* 




Dihvdruhomocapsaicin 


8X10* 





Since the purpose of this investigation was to determine how one can arrive at an objective measure of the con- 
stituents of concentrated OC, analytical determinations were carried out on five samples collected by a third party and 
transmitted through the Office of Law Enforcement Standards so that the source of the samples would be unknown to 
the researchers. They were labeled OC-1, OC-2, OC-3, OC-4, and OC-5. They all were dark red liquids of moderate 
viscosity, except for OC-1, which was a clear liquid of water-like consistency. 

3. ANALYTICAL PROCEDURES 

Liquid chromatography (LQ offers adequate separating power for this analysis, Reversed-phase LC using water/ 
roethanoi/acetic acid as themobile phase on a C-18 column was used. Oily components were removed from the samples 
with a solid-phase extraction clean-up step. 

Achieving adequate sensitivity poses no problem in this analysis as the analytes are present at relatively high 
concentrations. Thermospray mass spfcctrometric detection (LC/MS)* is feasible because the compounds give a good 
yield of ions by protonation of the amide nitrogen. Optical absorbance detection in the ultraviolet region (LOTJV) also 
may be used as the vanillyl chromophobe has a strong absorbance at 280 nra. 



* indicates thai the data were not available from the stated references. 

'LC/MS means Liquid Chromatography followed by Mass Spcctromeiric dctcclton while LOUV means Liquid Chromatography fofloued hv 
Ultraviolet absorption detection. M ^ 
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The LC/MS investigations were undertaken first to identify the chromatographic peaks associated with the com- 
pounds of interest based on the molecular weight of each compound. Five capsaicinoid compounds, CAP, NORDIH, 
DIHCAfc HOMO, and DIHHOMO. were identified in samples OC-2 to OC-5. Sample OC-J gave one large chromato- 
graphic peak with m/z - 294/ This is the same m/z as is expected for NORDIH, but the chromatographic retention time 
is different. It is probable that this sample is a solution of NONIV and an unknown solvent. While the identity of this 
compound has not been verified, it is referred to in this report as NONIV. 



4. ANALYSIS OF OLEORES1N CAPSICUM BY LIQUID CHROMATOGRAPHY 
WITH MASS SPECTROMETRIC DETECTION 

This analysis was undertaken to Identify the peaks in the liquid chromatograms that are associated with capsai- 
cinoid compounds. The following compounds, Table 2, are most likely to appear in these samples [5]. 



Table 2. Compounds associated with uleortiin capsicum 



Compound Molecular weight 

Nordihydrocapsafcin 293 
Capsaicin 303 
Dihydrocapsairin 307 
Homocapiaicin 319 
Dihydrohomocapsatcin 321 



A previous report of a similar LC/MS analysis of OC compounds by Games, van der Greef, ct al. [6] showed similar 
results, but did not make use of the thermospray interface as it was just becoming commercially available at that time. 
The chromatographic separation conditions used were as follows: 

flow rate - 1.0 mL/min. 

solvent - 700 mL methanol + 300 mL water + 10 mL acetic acid Vydac C-18 column Type 20ITP54 
(The Separations Group. Hesperia CA}. 5 

The column used is of the C-18 "polymeric" type. A C-18 column of "monoracric" type separated the naturally- 
occurring capsaicinoids well, but did not resolve the compound in OC-1 from capsaicin. Thermospray ionization was 
used, i.e., no discharge or electron ionization was employed, This is expected to give protonated molecular ions of this 
homologous serbs of compounds, die proton presumably attaching to the amide nitrogen. Thus, the ions are of the form 
(M+H)*. 

This mass spectrometric system does not give the structural information obtained from fragmentation caused by 
electron ionization, but it has proven to be very good for selective detection of known compounds. 

Injections were made under selected -ion-monitoring conditions for ions at m/z - 294, 306, 308, 320, and 322. A 
typical set of mass chromatograms for sample OC-2 is shown in Figures 1-5. Injection point (t - 0) is at the left edge 
of the trace. The results for samples OC-2 through OC-5 are qualitatively similar. Good quantitative estimates of the 
amounts of each compound require the availability of suitable reference compounds and internal standards. 



* m/z is the mass to charge ratio. 

1 Certain commercial products are identified in order to specify the experimental procedure adequately. Such identification is not intended to imply 
recommendation or endorsement of the particular product by the National Institute of Standards and Technology, nor docs it imply (hat the product 
identified is necessarily the best available for the purpose. 
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FcuitE I , Mass chromatogram of sample OC-2 at mJz = 294. 
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Fcurb 2. Mass *hrumasof>ram of sample OC-2 at mil = 306. 
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FiOURB 3. Mass chromatvgram of sample OC-l at mlz - 308, 
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FiGURfi 4. Mass chromaiogram of sample OC-2 at mil = 320. 
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TIME (min) 



Fcguke 5. Mass chrvmatogmm of sample OC-2 at m!i = 322. 



The sample OC-1 showed an ion at m/z - 294, but its elutkm volume was different from that of nordihydrocapsa- 
icin. In the absence of any other information, it is surmised that this sample is a solution of nonivamidc, which has been 
used with or in place of the natural compounds, and is, in fact, known as "synthetic capsaicin" f4]. The mass 
chromatogram is shown as Figure 6. 

Having identified the chromatographic peaks by LOMS, LC/UV was used for quantitative measurements. Due to 
the short time frame for this study, the acquisition of a complete set of reference compounds was not undertaken. 
Therefore, only CAP was available as a pure compound to use as a standard, so the quantification of the other 
capsaicinoids is based on the assumption that their molar absorptivities arc the same as that of CAP. 



2000 - 
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TIME (min) 



Figure 6. Mass chromatogram ofsampU OC-1 at mJi - 294. 
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ANALYSIS OF OLEORESIN CAPSICUM BY LIQUID CHROMATOGRAPHY 
WITH ULTRAVIOLET ABSORPTION DETECTION 



The LOMS method used in this project is highly sensitive and specific for these compounds, but employs an 
instrument that is not widely available in analytical laboratories. The LC/UV method described here is adequate for the 
purpose of quantifying capsaicinoid compounds in OC preparations and uses equipment likely to be found in mosr 
analytical laboratories. 

A similar chromatographic separation to that described in the section on mass spectrometric detection was used 
except that the flow rate was increased to 1.5 mUmin and a slightly weaker solvent, i.e., 60% methanol was used 
Capsarcm has UV absorbance maxima at 227 nm and 281 run. Hie molar absorptivity at the first wavelength is about 
three Umes higher than that at the second wavelength, but since sensitivity is not a problem, the tatter wavelencth was 
chosen to minimize the risk of interferences. 

Samples were also subjected to treatment with a solid-phase extraction cartridge before injection to remove possi- 
ble interfering compounds. First, 100 mg of oleoresin was shaken with 2 mL acetonitrile and 2 mL of water was added 
This yielded a suspension which was passed through a C-18 Sep-Pak cartridge (Waters Assoc., Milford MA) The 
cartridge had been conditioned with 5 mL of methanol followed by 5 mL of water. The capsaicinoid compounds "were 
then eluted with 4 mL of a solvent composed of 80% methanol, 20% water. This sample preparation issimilar in 
concept to the clean-up of pepper extracts described by Attuquayefio and Buckle [5 J. 

From the solubility behavior of the samples, it is surmised that samples OC-4 and OC-5 were prenared bv a 
different process than samples OC-2 and OC-3. The former two seemed to be more oily in consistency 

1 Chr ^ a ^ ams of each witn Pwk ^bclcd, arc shown in Figures 7-1 1, corresponding to sample numbers 

uu-l to OC-5, respectively. Figure 1 2 shows a chromatogram of a mixture of samples OC- 1 and OC-3. 

Comparing the sample peak areas with that of a peak obtained from injection of a solution of capsaicin yields (he 
values for the concentration of the various capsaicinoids, assuming that the molar absorptivity at 280 nm is the same for 
all the compounds. The results are tabulated in Table 3. 
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Figure 7. LOW chromatogram of OC-L 



4 Sec NIST Technical Mole 1297, Guidelines for Evaluating and Expressing the Uncertainly of NIST Measurement Results, for further informauon. 
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FCURE 8. LOUV chntmatogram of OC-2, 




Figure 9. LOUV chromatagram o/OC-3 . 
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Figure 10. LOW chromalogram of 
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Table J. Copsaianoid concemmtiuns in samples OC>f through OC-5 (in Mgtg) 



Compound 


oc~t 


oc*z 




OC-4 


OC-5 


NORD1H 




II 


8 


2.8 


3.1 


CAP 




56 


53 


U 


27 


D1HCAP 




55 


42 


10 


29 


HOMO 




1.7 


1.7 






D1HHOMO 




Z8 


2.4 







The blank (- --) spaces indicate that the compound was not detected or was present at a very low concentration 
Replicate determinate™ were not made. This type of analysis usually yields results that have relative expanded standard 
uncertainties of 5%-10% (coverage Factor -2 This approximates a 95% confidence level). 6 The chromatomohic 
separation is highly repeatable, but the robustness of the method with respect to the solid-phase extraction tample 
clean-up is not known. OC is a natural product and is presumably prepared by various extraction processes Different 
starting materials or different manufacturing processes may give rise to measurement biases owing to variations in the 
matrix. Further experience with the analysis would be necessary to rule out or to overcome problems from this source. 

6. RESULTS 

From the determination of the concentrations of capsaicinoids in the several samples, three types of figures of merit 
for potency have been calculated. The fiist is the simple sum of the concentrations of all the capsaicinoids found The 
second is the sum of the Scovillc Heat Unit values of the constituents. It was calculated by summing the Droducts of 
the concentrations and the SU values published for each compound. The third is a "Pain Index." Since the MPP of 
Govindarajan is the inverse of SU {having units of ng/raL, microgram per milliliter, rather than SU's units of ml/e) 
it is possible to calculate a quantity analogous to SU by dividing the concentration of each constituent by its MPP. Tie 
Pain Index contributions for each constituent are then summed for each sample. Each of these three parameter for each 
sample are shown in Table 4 



'See NOT Technical Note 1297. Guidelines for Equaling jnd Expressing ike Unccnnimy of NOT Meajurcmria Reiuiis. for ftmher taformaion. 



10 



Table 4, 


fbssiblc potency indices for olearesin capsicum 






Sample 


Capsaicinoid 
concentration 
mglg (milligram 
per gram) 


ScovlUeHcat 
Units, mUg 
(milliliters 
per gram) 


Pain Index 

mUg 
(milliliters 
per gram) 


OC-i 
OC-2 
OCN3 
OC-4 
OC5 


12 
126 
107 
25 
61 


0.UX10 6 
I.9XI0 6 
1,6X10* 
0.38X10* 
0.94X10* 


5000 
42000 
36000 

9000. 
20000 



^VSi!SS?<jSSg 1^.2™ is used * e rc,a,ive *- smalkst nu ^ r - 



7. CONCLUSION 

From the chromatograms, figures 7 through 12, it can be seen that it is possible to detect (he presence of the 
P^ibk synthenc compound, NONIV. in the presence of OQ and. that it is possible to obtain the SSHi data 
needed to characters OC preparations using ordinary LC equipment. The additional specificity and sensMWtyof 
of^rX ldentifyin£Chrorna,0gra{5hil: but « » ot for objectivdy determining Te J£J 

As can be seen from the ranking table above, the several methods described in this report for assigning a value for 
the potency of a mtxture of the compounds occurring in Oleoresin Capsicum tend to give results which are proportion! 
to one another. The attraction of the first method is that it is straightforward; the drawback is that it does notice into 
account the variations which are known to exist between capsaicinoid compounds. The second and third methods do 
Snmtnts Var,a, ' 0nS h *'" CW * bUt *■ SU W Va,UM ™ bascd on *»■»■» values, which J!SS£ 
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Oleoresin Extraction 



The industrial spice Oleoresin extraction industry came into being with the development of Oleoresin 
process during the 1930's. The process essentially involves concentration of the oleoresin from 
capsicum plant by evaporation of solvent and, finally desolventisation to achieve the limits of residual 
solvent. Oleoresin, being a natural product, is thermally sensitive and the processing must be 
designed to minimize thermal degradation and preserve the full pungency. Conventional 
concentration and desolventisation techniques employ batch evaporation. In this process the 
oleoresin gets cooked over an extended length of time, which directly diminishes the Oleoresin 
quality. 

Oleoresin Capsicum (OC) is therefore the extract of the dried ripe fruits of Capsicums and contains a 
complex mixture of essential oils, waxes, colored materials, and several capsaicinoids. It also 
contains resin acids and their esters, terpenes, and oxidation or polymerization products of these 
terpenes. One kilogram of Oleoresin Capsicum is equivalent to approximately 18 to 20 kilograms of 
good grade well-ground capsicum. This ratio may vary depending on the type of capsicum being 
processed. 



http://www.zarc.rom/english/cap-stun/tech_info/oc/oleoresin.html 
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Quantitative Analysis of Capsaicinoids in Fresh 
Peppers, Oleoresin Capsicum and Pepper Spray 
Products 



UEKEUENCE: Rcllly CA. Crouch DJ, Yon GS. Quantitative 
anaJyiis of cipsaidncids in fresh peppers. c «pw«im and 

pepper spray products. J forensic Sci 200i;46(3 ):502-509. 

ABSTRACT: Liquid chromatagraphy-rnoss spectrometry was 
uied to identify and quunttfy the prcdunanuui npaiMViM ana- 
logues in extracts cf fresh peppers, in ulcor«in copi^ find 
pepper iprays. The concentration of capsaianoldj in fr«h pcpj*« 
waT^nabte. Variability was dependent upon the relative pungency 
of ihc pepper type and ^graphical origin of the pepper, Non- 
i vamide w» conclusively identified In the extracts of fresh peppers, 
despite numerous reports that noni vamldc was not a natural prcducc 
In the oleoresin capsieum «mple* me 0ungency was 
to the total concaitration of copsaic molds and w« ' rebtcd 
lor urapproainwtejy 15.000 Scoville Heat VtMtfHWM** «™ 
nipnkfnoids. The principle analogues detected in ^coj^n cap- 
sicum wem capsaicin and dihydroeapsnieln and appcarerf to he die 
analogues primarily responsible for the pungency of the sample. 
Th« analysis of selected samples or comnic/cla ly »^ tok E£RJ 
spray products also demonstrated variability In the copsalct nwd 
concentrations. Variability was olw^^^J^J^J" 
from different manufacturers as well as *™ E~3 
from the same manufacturer. These data Indicate thai commerce 
peppor products era not standardiaed forcnpsaicinoid content even 
uToogn ihey arc classified by SHU. Variability in i the 
•concentrations in oleoresin cupsleum-bAsed selMefense weapons 
could alter potency and ultimately JcopunJnar the sofay and heaitii 
of users and assailants. 

KEYWORDS: forensie science, pepper spray, capsaicin. LCVMS 

For centuries, people hare used concentrated extracts orpeppers 
(oleoresin capsicum) or the dried fruit* to prepare spicy foods 
( M). Other historical and current uses of pepper products Include 
neurobiology research (5), weight low (6-8}, local anesthesia 
(5,9), antimicrobial defense (10). and-inflammadon preparations 
(5.H), and recently for the production of self-defense and less- 
than-tethal (LTL) weaponry (3.12). The extensive use of peppers 
and pepper extracts for such diverse purposes emanates trom rne 
presence of capsaicinoids in the pepper . 

The tcrm-cnpsaiclnoiaa" describes a group of pungent chemical 
analogues found in hoi peppers (Capsicum annum and C 
frutesctns) (l^t). There are five naturally occurring capsaicmoids. 
capsaicin, dihydrocapsaicin, nordthydrocapsaicin. hcmocapsaicm, 
and homodihydrocapsaicin (1-4). Tt« most abundant and potent 
analogues in peppers (and consequently pepper extracts) are cap- 
icaiciii an u umydrucapwicln d-4.13). Nurdil.ydiocao>aicni. twiiw 

1 Center for Human Toxicology. Department of Pharmacology andTcucol- 
ogy. 20 S. 2030 £. Rm 490. University of Utah, Sail Lake Ciiy. UT. 
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capsaicin, and homodihyd/ocapsaicio arc also present, but gener- 
ally contribute little to the total cap»aicinotd concentration and 
pungency of the pepper (1-4. 13). Nonivamide, or "synthetic" cap- 
saicin, exhibits the same pungency as capsaicin, but has not been 
conclusively identified as a natural product (3.1 J).' In face, some 
scientists have concluded mat detection of rmnivaruirfe in oleoresin 
capsicum was indicative of adulteration of the sample (3). The ra- 
tal concentration of capsaicinoids in n pepper ranges from 0. 1 ro 
2.0% (dry weight) and depends upon the variety of the pepper, the 
growing conditions, and the time of harvest (1,3,4). In addition to 
differences in the total capsaicinoid content, variations In the rela- 
tive proportions of the capsaicinoid analogues also occurs in 
response to the above criteria ( I -4). 

Capsaicinoids arc the pharmacologically active and puuvpro- 
ducing components of the hot pepper (4). The characteristic chem- 
ical structure or capsaicin (or its uruiluguetf) contains u vanilfamide 
moiety (4-hydraxy-3-merhoxyben7.ylamide) and an acyl chain con- 
taining 10 to i J carbon atoms (Fig. 1) (1-4.12). Capsaicinoids pro- 
duce pain by stimulating the vanilloid ruccptor. This receptor is a * 
molecular Integrator of potentially noxious stimuli (e.g., low pH 
and high temperature) (5, t 1,14,15). Structure activity studies of 
capsaicin and other neJated compounds have demonstrated a strict 
requirement for the vanillyl ring and an acyl chain of 8 to 12 car- 
bon atoms to manifest pungency (16-18). The natural capsaici- 
noids exhibit variable pungency due, to differences in their ability 
to promote membrane depolarization through binding to the vanll- 
Jamide receptor. 

The ability of the capsaicinoids to produce pain has prompted 
the development of pepper sprays for the purpose of sclf-dcfcnsc. 
Typically, pepper sprays weapons contain a 10% solution of oleo- 
resin capsicum diluted in a suilublc solvent (e.g., methylene chlo- 
ride, trichtoroethylcne, Isopropanol, freon(s). propylene glycol, 
cthanol. methanol, or dimethyl eUicr) and a gaseous propellant 
(usually N 2 or CO2). Exposure to pepper sprays elicits an intense 
physiological response that includes nociception, temporary blind* 
ncss, Iacrimotion, disorientation, shortness of breath, and choking 
(19;. The r«uW of rtie exposure is Temporary incapacitation of the 
victim with minimal long-term side effects and/or toxicity (1 9 JO). 

Unfortunately, the manufacturers of oleoresin capsicum und 
self-defense weaponry employ few, if any, analytical mensurcs ro 
determine the concentration of active ingredients in the product and. 
to ensure consistent chemical composition. Variabiliry in the con- 
centration of active ingredients might explain wny pepper sprays 
have been shown to be only 70% effective in discouraging attacks 
by aggressive wdividuab'C20), The principal test for product com- 
position is a taste test to determine the product's ability to elicit * 
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subjectively assessed, the potency. efficacy, and potential prom, 
toxicity is difficult to predict (22). i„a;«idurf capsoi- 

In this srudy, we .denied j* J** 
cinoid analogues In SS h ««• 

a»d pepper spray weapons. Norn vamdc was wenu. 
fercnt tjjes offresh peppers ongmanng Ami J^'^,^ 
as wd> lin all commercial peppei ^^^tSSSn 
the relationship between pudency and eaps^nwa eon 

fense products. 
Materials luid Methods 
Chemical 

E.reme caution mm 6e used wAen ff^* 
and/or pepper products <° P™™ X S ™1'*^^ 
jury. Casein (60% purity), casein (£ «* J^SdB- 
I Jenamtde) (989b purity). .<^ w ^ 
iytoooanam.de) (9S% purto). «J no ££^ 
nonanamide>werep^^ 

MOJ-Nordftydrceapsaian. E-homocapsatcrn u ano ^ 
capsaicin were purified from olccr^n ^ U ^ n ^ based 
VimlUmine hydrochloride and ocianoyl cWorid» w« 
from Aldrkh Chemical Company, fac 
tanoyl-vanttlain.de was synthesized by conden^ion w 

grade methanol and ^ageM-gr^ 
LmBurdlcktmdJocte^ 

phosphate, cnd^iumcJjIoncUwc.cpu^^^ 

various spice vendors and the pepper sprays were pu^i 
Independent distributors. 



Analytical Mnthpdx 

Identification and quanrificaiion of the Individunl capsaicinoirts 
was performed by liquid chrprnatography-inas* ipcclromclry using 
a Hewlett-Packard scries 1100 LOMSD (Agilent Technologies, 
Palo Alio. CA). The capsaicinoids were separated using n MelaSi! 
Basic reverscd-phase HPLC column (J00 X 3.0 X 3u0 (MelaChem 
Technologies, Torrance, CA) and a stepwise gradient of meihanol 
and distilled water containing 0.19b (Wv) formic acid. The mass 
spectrometer was set to detect die M + H positive ions of octanoyl- 
vartillarmde (inU - 280), nonivarnide (m/z = 294). ocixiihydtfp- 
capsaicin (m/i =- capsaicin {mil « 306) t dihydrocapsajcin 
(mlz » 308), homocapsalcin {m! z « 320). and homcdmydrocap- 
saicinMz-322). . , . . 

' pjcpamlxon of the analytical standards was achieved by weigh- 
inc the appropriate quantity of each analogue on a Cahn 4700 ana- 
lytical balance (Caha Instnimcnrs, Ccrritos, CA) and dissolving the 
compounds in methanol. Standards were stored at -20 a C and were 
stable for the duration of the study. Calibration curves, containing 
all analogues and 500 ng occanoyl-vanillamidc (as an Internal stan- 
dard), were corutrueted from 0 to 5000 ng. Calibration curves were 
generated by calculating the peak area ratio (obtained usmg HP 
Chemstation software) of the analyte to internal standard. Linear 
regression analyses were performed osing the least squares 
method. Separate curves were used to quantify the low- (I to 50 
ng)> mid- (50 to 500 ng). and high- (500 to 5000 ng) range concern 
uations of the analogues. Split curve* weix needed ro more accu- 
rately quantify the concentration of the compounds in the samples. 

Analysis of Fresh Peppers 

Extracts of fresh peppers were prepared by bumogeniang ap- 
proximately 5 to 50 g of fresh pepper (purchased, from food stores 
in TJT NM andMD) in 5 volumes of phospbotc-buffercd saline 

(50 .n* pWphatc bufrcr. pH 7.2 containing 1 hi MaCl) ujinfi » 
Teflon/glass homogenizcr, To decrease the sample size of the fresh 
peepers, the stem and a portion of the pericarp were removed; Uae 
$tcS and pericarp have been shown to contain only negligible con- 



cempttions of the capsaicinoids { 1,23,24). The homogenote was ex- 
tracted for 15 min at room temperature with n-butyl chloride. The 
extract was centrifuged ar 1000 X g for 10 mSn nnd the upper or- 
ganic layer was collected. The extraction process was repeated and 
the organic layers were combined and evaporated to dryness under 
a stream of air at 40°C The dried residues were reconstituted in 
200 >iL n-buiyl chloride.methanol (I: I ). The reconstituted residues 
were diluted 20-fatd in 77-butyf chloridc:methanol (I; I) and a 5 u-L 
aliquot was combined with 500 ng octanoyl-vnnillamide.The sam- 
ples were evaporated to dryness* reconstituted with 100 u.L of 7(J% 
methanol; 30% distilled HA and analysed using LC/MS. 

Analysis ofOlearcsin Capsicum 

Commercially available oleorcsin capsicum sample"; were di- 
luted 200-fold in n-butyl chlorlde;mechanol (1:1). A 5 \iL aliquot 
of the diluted product was pipetted into a 13 X 100 mm silanlzed 
glass tube and oeranoyl-vanillamide (500 n«) was added as the in* 
tcrnal snrn,danL The sample was evaporated to dryness, reconsti- 
tuted with 100 yiL of 70% methanol: 30% distilled H 2 O f and ana- 
lyzed using LC/MS. 

Analysis of Pepper Spaiy 

Individual pepper spray canisters were vigorously shaken and 
cooled to -20*C ovemighr In a freezer The spmys were then gen- 
tly discliargcd inm a 16 x 100 silonizcd glass tube that hod been 
previously equilibrated to -80°C using dry Ice. Cooling the tubes 



with dry *ce was nectary to prevent cvapouiion of the solve r - 
during collection. The sample was immediately capped and thawed 
on ice. The sample volume wns determined and the volatile com. 
ponents were permitted ;u evaporate at room temperature with gen- 
tle agiiation. The samp/e volume was reestablished bv adding 
butyl chloridc:rneiiiaflol Samples were then diluted 40-fold 
in n-butyl chbride:memnnol (1:1) and a 5 aliquot combined 
with octanoyl-vanillamide (500 n S ). The samples were evaporated 
to dryness, reconstituted with 100 u-L of 70ft methanol- 30% 
dH 2 0, and analyzed using LC/MS. 

Results 

Analysis of Capsaicinoids by LOMS : 

Identification of the individual capsaicinoid a/iaiogucs (see Fig 1 

I) was achieved by LOMS. The calibration curve for the nssny was "= 

linear from 1,0 to 5000 ng. but was split into tiutc curves to more :■ 

accurately calculate the concentration of tlie aiuJytes in the sam- i 

pies. Identification of the individual capsaicinoidj was achieved by £ 

mass-selective dtitecdon as we/I as by retention time. OcinnoyJ. i 

vaniilamidc (ml? ~ 280) eluted at approximately 8.4 min followed 2 

by nordihydrocapsaicin (mfz = 294; 1 1.8 min), noni vamide (m/z =» S 

294; -12.6 min), capsaicin (tntz 306: -12.6 minj. dihydrocap- * 

saiciii [m(z = 305; -15.8 rnin), homocapsaicin (m/z » 320: -16. 1 v 

min), anri hotnodihydrccapsaicin {nil 322; - 17.5 min), a typi- % 

cal mass-chruroatogrom of a standard containing 500 ng or all- & 

analylcs and Internal standard is shown in Fig. 2. Tlie compound •» 
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{mtt ~ 308) eluiing ai approximately 16.2 mill has been rcntaii vefy 
Wcniffied as decnnoyl-vanilJamide/based on similarities in reten- 
tion time and mass when compared 10 a synthetic standard of de- 
canoyl-vaniflamide fdata not shown). 

Analysis af Cctpsaicinoids in Fresh Peppers 

The analyst** of "unaduJrerated" pepper extracts demonstrated 
the presence of all previously documented nnturally occurring enp- 
sajciitoid.s as well us nonivarnide. The identification of nonivamide 
in pepper* was confirmed by mass {mil = 294) nnd retention rime 
(approximately J 2.6 mln). Confirmation of the presence of nnn. 
Nam ide in die peppers was achieved using collision-induced frag- 
mentation of the molecular ion by LC/MS/MS and obtaining ihe 
product ion spectrurii (data not shown). Nonivarnide was present in 
habeficru, anaheim, red-chili, grecn-chii?. and green bcfl pepper ex- 
tracts at a relarivc concentration range of 0.42 to 7.2% ofihc loral 
capsaicinoid concentration, depending upon the variety of pepper. 
Nonivamide was not detected in extracts of yellow bell pepper ami 
was present in the green bell pepper at lew than 0.025% of the con- 
ccntnition in green-chili pepper. The concentrations of the wipsoi* 
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Analysis of Olmrexin Capsicum 

As described, quantification of the indivirlu.il capsaicmoid nna* 
(ogites in commercial preparations of oleorcs in capsicum wa 
achteveU by comparing the peak ««;, nilio of the. tuples to thecal, 
ibranon curies. The capsaicinoid analogue eunccmrat ions in seven 
dtffercm oleoresm capsicum samples are Summarized in Tabic 2 
The absolute ami nekiiivt concentrations of the individual caosaici * 
noids varied between samples. Figures^ and .1* illustrate the cor- 
relation between SHU ruling and the total (Fig. 3/1)and individual 
capsaictnoid analogue concdntmtions (Fig. M). The relationship 
beiwccn total cupxaJcinoiri concentration and SHU mtiW was ap- 
proximately 15 GOO SHU/pg of mini capsifcinujtb. Data presented 
in Fig. 3B indicate that capsaicin and riihydrocaouicin were ori- 
marily responsible for the SHU rating. Their relationships we* 
approximately 35 700 and 33 900 SHU/> g< respectively. The rotal 
and relative analogue concentrations w ere consistent between 
oleoresm capsicum samples having Hie sunie SHU rating. 



TABLE I — Capsttfcfnotf aiwJt/gtttf cftnvcnrrnrfanx in f.atttrrt a/fiv^i /«r/r/rer.t. 



Variety of Pepper 



Yellow Dell 

(Utah; 
Grften BcJJ 

tUlnh) 
Grern 'Chili 

(U(iih) 

I New Mexico) 
Anaheim 

(Marylund) 
Bed-Chili 

(New Mexico) 
Rcd-chilj 

(Utah) 
Mabenero 

(Utah) 





NUHCt 
C*J 


Nonivamfdc 
(*> 


Capsaicin 
1*1 


DHCt 

r*i 


net 


HQHCt 
[**) 


0.0018*0.0002 


N.D. 


N.D. 


37 = -Ml 


63 z 5.0 


N.D. 


N.D. 


0.0049 «L 0.0004 


13.1 = u.y 


7.2 ~ 0.4 


27 t 2.0 


52 i 7.0 


N.D. 


N.D. 


1V = X0 


22.-1 2 0.2 


2.7 =f>.? 


21 i 6.0 


4A X 2.0 


0.9 = 0.4 


7-2.0 


73 2 7.0 


11.8 = 0.9 


1.0 *0.l 


47 - 2.0 


."6 s 3.0 


1.3 ± 0.4 


3.0=: 07 


87 X 5.0 


6.3 = 0.* 


0.42 0.07 


60 x P.O 


30 Z 4.0 


2.6 = 0-S 


1.4 x 0.3 v 


A3 X 9.0 


11 ± t.O 


0.6 2:0.1 


56 ± 4.0 


29 = 2.0 


1.0 = 0.5 


i.aso..i 


5? ± 6.0 


9.6 r 0.4 


1220.1 


50 ±3.0 


27= J.0 


6.1 = 0.4 


ru - n.,s 


510 ±27.0 


3.6 s 0.3 


1.4 7-0.1 


61 _r 6.0 


32 = 3.0 


0.9*0.1 


1.1 r 0.1 



* Approximately 5 to 50 5 of fresh pepper was extracted as described under materials and methods. Duiaarc representor! vo of the mean J. slumlord dc r 
Nation of triplicate analysis nf pepper extracts. "* 
t Abbreviation* for Nordihyrfrocapiarcin fNDHCj. Dihydrocapsalcin (DHQ. HomoeapSaidn <HC), nod HoiWodiliyJrwapsuicin <H0HC). 



TABLE 2—Capviirhwid analogue cancettrraticnsfcrvarimu oltcresin capxirum xotupht. 



Sample Idcmlryt 




NDHCt 


Nonivamide 


Capsaicin 




Total (/tfi/^L)» 


(^) 


<*) 


<*) 


(%) 


OCX 


0.8 r 0.2 


J6.7 10J 


1.8 = 0.4 


38 x 1.0 


3G x 2.0 


OC2 


14 x J.0 


20 z 2.0 


1.9 :'. 0.2 


36 x 4.0 


38 z 3.0 


OC3 


J 8.4 ± 0,4 


|8.7r0J 


1.2X0.9 


35.9 = 0.3 


39.3 2 0.4 


OC4 


63 ; 1.0 


11 = 1.0 . 


3.4 = 0.5 


33 = 2.0 


48 = 3.0 


OC5 


71 ±2.0 


8.6 *0i7 


5.2 r 0.8 


39 = 3.0 


42 z 1.0 


DCS 


67 ±3.0 


6.3=0.4 


5.5 r 0.2 


47.8 = 0.9 


35.» = 0.7 


OC7 


131 S5.0 


7.7=0.1 


4.2 x 0.J 


41.2x0-3 


43.5 x 0.9 



HCt HUHCt 



7.0±3.U N.D. 

2.0 = 0.1 |,9 rr 0.2 

2.0 = 0.1 2.9x0.4 

1.4 ± 0.2 2,9 ^ 0.7 

1.5 = ai Z4 = o.3 
17 = 0.8 2.1 r 0.1 
1.3 = 0.2 2.2 r: 0.4 



♦ Data are reprcsematl vc of the mean 2 standard deviadon of tripHcaie analysis of the ojeoresin capsicum sample. 

t Abbrtrviaiioni for NordihydrocipKaicln (NDHC). Dihydrocapsaicin (DHC). Homocapsildn (HCX and Homed ihydrocapsalcln fHDHC) 

t Repreienu olcoresln capsicum sample* with the ftjtlowins SHU raiingx; OCt (2.0 X 10* SHUj, OC2 (2.0 x 10* SHU) OCJ (5 0 ic 10* SHLTI 

OC4-6 (1.0 x 1Q« SHU). OO (2.0 X I0 4 SHU). Althoufih OC4^ h»ve the same SHU rating they were obtained from different manuficrurcrs of oleo. 

resin capsicum. 
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510' 1 1D 6 1.510 s 2 10* 

Scovflle Heat Unit rating (SHU) 



2.5 10° 




5 10 s 1 10 fl 1.5 Id* 

ScovIHe Heat Unit rating (SHU) 



2 10* 2.5 10 8 



fiQ- 2-4A J The nfationJhip between ScovilU Heat Unit rating end total copiolcinoid concentration In oieereiin capsicum. (B) The relationship be- 
nveim Seovltie Hear Vntt rating and the concentration oflndmduul capsaicinoid analosut* ^«^]>^W (Oinordihydrocapsaicin fr - * 7 X 
h™* r+iO) T(SncnhZii<U(y =3.17 X IQ~*X « (A) hr^WwpsctanJy =IJ * - M*JL <*) capsaicin (y - 2.S X x - 

2.9) [X)dhxi'd^Loialcm(y ~2.9SxlO-*x+2M}. end f +) homocapsoicin (y - 8J X JO g + 0.1/. Oeto represent die mean ± standard deviation 
of triplicate saiitftL Analysis of the capseidnoids in olccresln capsicum was performed or described itnder maurtols end «*<Wr. 



Analysis of Cepsaicinoids in Pepper Spnxy 

• Total and individual capsaicinoid analogue concentrations for 
seven] commercially available pepper «prsy product* are summa- 
rized in Tabic 3. The total capsaicinoid concentrations were consis- 
tent with previous itpons of the composition or pepper spray* (75). 
The capsaicinoid concentrations in pepper spray products firom dif- 



fcrenr product lots from the same manufacturer axe r!so presented in 
Table 3. A comparison between the labeled and calculated SHU val- 
ues for the pepper sproys is she wn in Tabic 4. Collectively, these data 
demonstrate that then; were tubitantUl ditTerencis in the total quo* 
relative capsaicinoid concentrations in the pepper spray products. 
Also, the labeled SHU values of {he pepper spniyi were no? consis- 
tent wirh the assayed values. 



TABLE 5-~CupxaiciHoii/ attuhgue cttucent rat tons of various pepper sprays. 



Sample Ideality 






NonivamiJc 


Capsaicin 


Total i/i^L)* 


(*) 




(*> 


?Sf* 


16.0= 0.4 


6.4 = 0.2 


1.6 r o.i 


51 r !.0 


VS2t 


JU r 0.4 


8.7 r 0.3 


2.0 2 0.1 


45 =: 2.0 


PS} 


0.95 Z 0.0.1 


5.7 = 0.2 


1.8 =0.1 


52.4 = 0.9 


PSA 


8.3 ± 0.4 


0.2 = 0.0! 


1.9 ±0.1 


50 - J.O 




Z-5 = 0.2 


9.7 = 0.6 


t.9 = Q.) 


41 = J.O 


PS65 


J3js = ar 


M.S±U.I 


1.8 =0.1 


3G.5 = 0.2 


PS7 


13= |.0 


9.6 r 0.9 


2.2 = 0,2 


42 r 5.0 


PSHII 


27 r 3.0 


N.O. 


100 * 10.0 


N.D. 


PS9|i 


32 r 1.0 


N,D. 


100 r 4.0 


N.D. 



DHCr 



37.1 = 0.3 

40= 1.0 
37 = |.o 
35 = 1.0 

41 r 3.0 
45.3 r 0.3 

42 r 4.0 
N.D. 
NA 



2.2 -s a J 
2.0 ±0.! 
2.4 = u. j 

i.6 = ai 

1.3 -aT 

1.8 z 0.2 
N.D. 
N.D. 



KCHCt 



Mr 0.1 
2.1 = O.J 
0.3= 0.1 
2.0= (.0 
2.5 ± 0.9 
2.0 ± 0.8 
1.9 r 0,8 

fV.O. 

N.D. 



" Total capsaicinoid concentniUons (mS/u4-> of dispensed pepper spray. This value does not repreicm the total capsaicinoid content in the -mi^r D-, f « 
arc representative of the mean = standard deviation of iripJicaie analysis of the pepper spray product. «>ni«cr. Luta 

t Abbreviations for Nordihydrocapsaiciii (NDflCj. Dihydiooapsaicin (DHQ, Hornocapsaicin (HQ, und Hauiodihycfrocaojaicin (HDHCi 
f. rl Represents pepper sprays from llK rartic manufacturer, bur difTerent pmduct lots. * * 1 



TABLE 4— Calculated versus lahelcd SHU wlutfor various pepper 
spray products. 



Sample 


Towl 


Labeled 


Calculated 


Identity 




SHU 


SHU 


PSI 


16,0 = 0.4 


2.0 x |0 rt 


2.4 X Itr 1 


PS2 


1 1.8 =0.4 


10 X JO* 


1,8 X I0 5 


PS3 


0.95 = aoa 


2.0 X fO* 


MX 10* 


PS4 


8.3 ± 0.4 


2.0 X JO* 


1.3 x 10 s 


PS5 


2.5 = 0.2 


?.5 X 10° 


3.7 X 10* 


PSG 


13.5 Z 0.1 


1.5 x m* 


2.0 x JO 5 


PS7 


13 r 1.0 


1.5 X !0 A 


1.9 X I0 5 


PSBt 


27 Z 3.0 


1.0x10° 


9.0 X J0* 


P59| 


32 Z 1.0 


1,0 x 10* 


1.0 X 10* 



• Data are representative of the mew = standard deviation of triplicate 
analysis of the peppnr spray products. 

t Calculated SHU values were determined uslnc the formula SHU « 
{capsaicin] t>g/ftL) x 33 000 {SHUJpg) since only nonivamrde **« pre- 
vent (nonivamide has stnulur pungency to capsaicin |1 3l and the cunccn- 
nation w« not in range fur the trend line tor nonivamide). 



Discussion 

The data demonstrate thai capsaicin* dihydrocapsaicin. nordihy* 
drocopsaicin, hornocapsaicin, homodihydrocupsaicin, and non- 
ivamide can be found in fresh peppers, olenresin capsicum, and 
pepper spray products. However, the total and relative concentra- 
tions of the capsaicinoid analogues in die peppers and f he pepper 
products were quite variable (Tables 1 to 3). In all samples, cap- 
saicin and dihydrocapsaicin constituted 60 To 90% of die toLuJ cap* 
salcinoid concentration, followed by nordihydrocopsaicin (2 to 
20%), hornocapsaicin (1 to 5%), homodibydrocapsalcin fl to 5%). 
and nonivamide (i to 5%). 

Capsaicin, nonivamide, and dihydrocapsaiciti arc the most pun- 
gent capsaicinoid analogues having 100, 100, and 75% relative 
pungencies, respectively (12,13.18). Nordlhydrocapsaicin, homo- 
capsaicin, and homodihydrccapsaicin exhibit relative pungencies 
that range between 20 to 50% that of capsaicin (12,13,1 8). Because 
nordihydrocapsaicin, hornocapsaicin, and homodihydrocapsuicin 
contribute liulc to the'reiative pungency of the peppers or pepper 
products, their comribudon to pungency is not discussed below. 
However, this does not imply that those analogues may not be 
important in the toxieologieul unUSor pharmacological properties of 
tile products. 



To dererminc the source of variability in pepper sprays und olc- 
orcsin capsicum, wc first analysed the capsaicinoid concentrations 
in fresh peppers. In the extracts of fresh peppers, the roial concen- 
irDUon of the capsaicinoids, as well as that of each analogue, was 
variable und dependent upon the variety and geographical origin of 
the pepper. The total capsaicinoid concentration in extracts of the 
fresh peppers was reflective of the relative '•hotiicsV of the pepper 
(liabcncro>anaheim red^chili>2rccn-chiii>green bdJ>ycllow 
bell). Capsaicin and dihydrocapsaicin were the most abundant cap- 
saicinoid analogues present in the extracts of fresh pepper* and 
comprised 60 to 90% of the total capsaicinoid concentration. The 
sum nf the concentrations of capsaicin and dihydrocapsaicin in the 
extracts of fresh pepper paralleled the re/nrNe pungency of the pep- 
per type and appeared to dictate the pungency of (he fruit (see Table 
1). For example, extracts of habeflcro peppers (the -hottest" pep- 
per) contained approximately 90% capsaicin and dihydrocapsaicin 
while extracts of the milder green-chili pepper cunlaincd about. 
65% capsaicin and dihydrocapsaicin. r 

The Immediate precursor to pepper sprays is ofeoresin capsicum, 
the extracted product of hot peppers. As expected, wc also ob- 
served variability in the total and relative concentrations of the cap- 
saicinoids in commercial preparations of oleores/n capsicum We 
found thai there was a strong relationship between the concentra- 
tions of the capsAjciqoids in commercial preparations of oleoresin 
capsicum and the SHU rating nf the product (Fig. 34). Comparing 
the individual capsaicinoid analogue concentrations to $(IU rating 
demonsirated that the concentrations of capsaicin and dihydrocap- 
saicin were good predictors, of tha pungeney of the oleoresin cap- 
sicum sample (Fig. 3fl). For example, oleoresins having an SH U 
rating ^5.0 X 10 5 SHU contained approximately 65'* capsaicin 
and dihydrocapsaicin and samples with an SHU rating >I.0X 10 8 
consisted of >80% capsaicin and dihydrocapsaicin. 

Since both fresh peppers and oleoresin capsicum exhibited var- 
iability tn the concenmirions of the capsaicinolds, we were not sur- 
prised find significant differences in the total and relau've concen- 
trations of capsoidnoids of the pepper sprays. An interesting dis- 
covery was that variability was present in all commercially 
available pepper sprays even in samples from the same manufac- 
turer (Table 3). For example, two identical pepper spray products 
from different lots and the same manufacturer exhibited striJeing 
differences in total capsaicinoid concentration, 2J 3 0.2 |WuX 
versus 13.5 ± 0.1 pg/p.L Variability in product composition*was 
also observed m products from different manufacturers that were 
both labeled as 10% oleoresin capsicum with a rating of 2.0 X 10 6 



4 
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SHU. The two product* had vastly different cnpsaicinmd coneen* 
traiions (0.95 r 0.03 p.g/p.L versu* 16.0 r 0.4 p-s/u-D. Brfniat- 
ing ihc SHU value based on the total capsuicinoid concentration of 
the pepper sprays suggested that the labeled SHU values were 
sometimes overstated by a factor of >i00 times (sec Table 4). 

Trends suggesting that rhe relative analogue concentration* of 
capsaicin and dihydrocupsaicin were responsible for the SHU rac- 
ing of the producL u/ere apparent for both fresh peppers and olco- 
rcsfn capsicum samples, /n pepper sprays, the relntivc concentra- 
tions of capsaicin and di hy drocapsaicin were >$0%. This may 
imply that the majority of the pepper sprays may have been pre- 
pared as dilutions of oleoresin cnpsicum having an SHU rating 
a 1.0 X J0 tf . Unfortunately, dilution of oleoresin capsicums having 
similar SHU raring does not appear to guarantee consistency in the 
nmounr of active ingredient in the pepper spray. Therefore, the 
variability in the capsairinoid concentrations or the pepper sprays 
can be attributed £0 rhe Inherent variability in the capsaicinoid con- 
centrations of different batches of oleoresin capsicum and ulti- 
mately the particular properties of the extracted peppers. 

From our data, it is reasonable to conclude that manufacturer* of 
oleurcxin capsicum- based pepper sprny* do not stnndardlze their 
product for the concentration of capsaicinolds. This was not Trtic 
for samples P$X and PS9 (Table 4). The manufacturer of this prod- 
uct used a known quantity of nonlvamMe as the active ingredient 
rather than a stundard volume of oleoresin capsicum. Previous 
work has dcmonsirared that nonivatuide exhibits identical pun- 
gency in capsaicin based upon the Scoville Organoleptic Test 
(12,13.18;. U also hus a similar srrucmrc activity relationship using 
desensitiiution of the VR receptor as a model system ro predict 
pungency ( 1 2-18). Therefore, products fortified with or composed 
solely of noitivuruidu arc lilcely to have simile efficacy to oleoresin 
capsicum-bnsed pepper sprays for use as self-defense weapons. 
However, the studies reported here did not evaJuutc or compare the 
biological efficacy of products, 

Nonivamlde is not commonly used to manufacture pepper 
sprays because it is considered a "synthetic" and/or pharmaceutical 
agent. Oleoresin capsicum is a natural product. However, pepper 
sprays manufactured from oleoresin capsicum arc not regulated. 
Thus fur. the i dent! ficn lion of nomvantide in fresh peppers has not 
been definitively confirmed und its existence ss a natural produce 
debated (*3). Some authors suggested that noni vumMc did not occur 
naturally because of ihe structure of its ncyl chain (3). This argu- 
ment was supported by inconclusive analytical data (3J. CC/MS 
methods were ineffective at differentiating nortiihydrocapsafcin 
and nonivamide since they have the same molecular weight 
(3.26-31), Standard HPLC methods did not chionniugraphically 
separate 'capsaicin from nonivamide (3. 31-35;, The method de- 
scribed here allowed us to uniquely identify and quantify non- 
ivumide in exrracts of fresh pepper, oleoresin capsicum, and 
peppers sprays. Nonivatriide was present at a concentration that 
represented up to 7.2% of the total capsaicinoid concentration 
(Tables 1-3;. 

Based on our work, several conclusions about the concentrations 
of capsaicinoids in peppers as well as products manufactured from 
extracts of peppers can be made. Because oleoresin capsicum Is ob- 
tained by extracting fresh peppers, variability in the total and rela- 
tive capsaicinoid concentrations exists. As such, products made 
from the oleoresin capsicum (e.g., food products, pepper sprays, 
etc.) also exhibit variability. Differences In the concentrations of 
ociivo component* in ^d^^cj fryrajr* limy «ffc*t ihe quality, ertl- 
cacy, and safety of these products (20.37.38;. Discrepancies in the 
amount of active ingredient in the products may result in unpre- 



dictable results when the products aru used for self-defense or ; i 
subdue suspects. Differences in the conecninuion of active ingrC. 
dicnts of die products could also affect the putcntia! toxicity c/rhc 
products and could jenpnrdize the safety and health of individual 
who arc exposed to and/or depend upon the products forpruiccriun 
120.37-39;. Qualitative analytical methods a« needed to deter- 
mine the concentration of capsaicinoids in pepper sprays, Tmple. 
ntenting this objective quality control measure, as well as regujat- 
ingthe formulatinn of pepper spn\ys> would subsuntinlly increase' 
the pnfdictubiliiy of prodtict potency, efficacy, and its potential in 
cause toxicity. 
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